Abstract: Infection is a frequent cause of failure after joint replacement surgery. The infection rate after total hip arthroplasty (THA) has been reduced to 1-2% in the last years. However, it still represents a challenging problem for the orthopedic surgeon.
INTRODUCTION
Total hip arthroplasty (THA) is currently one of the most successful surgical procedures ever developed. In the United States nearly 700.000 hip and knee arthroplasties are performed annually, with demand predicted to increase substantially [1] .
Infection is a frequent cause of failure after joint replacement surgery: between 7% and 16% of THA revisions are carried out for infection [2, 3] . The infection rate after THA has been reduced to 1-2% [4] in the last years. However, infection still represents a challenging problem for the orthopedic surgeon. The negative implications are several: high costs and length of treatment, difficulty of therapeutic approach, and poor functional outcomes.
Risk factors for periprosthetic joint infection (PJI) are post-traumatic osteoarthritis, diabetes, obesity, smoke, chronic vascular disease, rheumatoid arthritis, bacteraemia, postoperative wound complications, corticoid therapy, immunosuppressant, malignancy, presence of other infections (cutaneous, urinary tract, respiratory, abdominal, oral or dental infections), chronic liver disease, surgical time, inadequate antibiotic prophylaxis, dislocation, or previous arthroplasty [5, 6] . Regarding the fixation as risk factor, Engsaeter et al. compared the revision rates due to infection in primary uncemented THA with those of cemented one with antibiotic-loaded cement and to those of cemented without antibiotic cement in 56.275 primary THA [7] . They found that uncemented hip arthroplasties had the same risk of revision due to infection as cemented arthroplasties with antibiotic-loaded cement (ALAC), but reduced risk compared to cemented arthroplasties without antibiotic cement. One possible explanation could be that the cementation per se creates, in some ways, conditions that are conducive to the growth of bacteria following the apparently unavoidable peroperativecontamination. Necrotic bone tissue around the cement, caused by both cement toxicity and heat generation, could be the potential growth medium. Antibiotic in the cement could partly protect against growth of bacteria in this area of low resistance to infection. The insertion of an uncemented hip arthroplasty might cause less tissue necrosis and the antibiotic may therefore not be needed to the same extent.
DIAGNOSING AN INFECTED HIP ARTHROPLASTY
A complete blood cell count has poor sensitivity for the diagnosis of PJI. C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and, more recently, interleukin 6 (IL-6) are non-invasive tests that may be used in the preoperative assessment of PJI. These tests are affected by non-infectious conditions, such as neoplasia and connective tissue disease [8] .
In a study of 636 patients undergoing knee, hip, shoulder, or spine arthroplasty revision, the sensitivity and specificity of the ESR (>30 mm/h) and CRP (>10 mg/L) for the diagnosis of PJI varied according to the joint involved. The ESR sensitivities were 71% for knee, 47% for hip, and 16% for shoulder arthroplasty infection. The ESR specificities for the same joints were 89%, 84%, and 98%, respectively. The CRP sensitivities and specificities were 83% and 79% for knee, 74 and 78% for hip, and 42% and 84% for shoulder arthroplasty infections, respectively. When both tests (CRP and ESR) were negative, the negative predictive value for hip and knee arthroplasty infections was 94% compared to 77% for shoulder arthroplasty infection [9] . In a study evaluating 58 patients undergoing total knee or hip arthroplasty revision, IL-6 was found to have 100% sensitivity and 95% specificity with a cut-off of 10 pg/ml [10] , however it has not yet been adopted for routine use.
Plain radiographs lack sensitivity and specificity in diagnosing septic arthroplasty. Findings such as lucencies can be noted in both septic and aseptic loosening. In early infection, plain radiographs are frequently normal [11] . Although lucencies are common, some may be normal variations relating to surgical technique in the case of component-prosthesis interface, or bone reaction to cement in the case of cement-bone interface. Normal lucencies are often found in the proximal lateral aspect of the stem-cement interface, and a <2 mm lucency surrounding the cement mantle running parallel to the stem (which results from a stable fibrous reaction to the cement). Lucencies >2 mm in thickness or progression of defects may be indicative of loosening or infection. Well demarcated, progressive areas of lucency at the cement-bone interface may indicate infection or granulomatous disease [12] . Thus, there is a need for chronological comparison of films.
Technetium-methylene-diphosphonate (MDP) bone scan is a sensitive test for prosthetic joint failure but lacks specificity, as it does not differentiate between aseptic and septic loosening. Labelled leukocyte imaging should be well suited for diagnosing the infected joint replacement because white cells usually do not accumulate at sites of increased bone mineral turnover in the absence of infection. Many radionuclide tests were developed, but the procedure of choice for diagnosing PJI remain leukocyte/marrow imaging with sensitivity, specificity, and accuracy of 96%, 87%, and 91%, respectively, as recently reported by Love [13] . This test is significantly more accurate than bone (50%), bone/gallium (66%), and leukocyte/bone imaging (70%).
Promising results in terms of sensitivity, specificity and accuracy have been recently documented with 18F-fluorodeoxyglucose positron emission tomography [14, 15] , but published results are not conclusive.
Regarding the treatment, only in selected cases is possible to treat infection with a debridement and component retention procedure: infection eradication rates in the literature vary widely, from 18 to 90%, and it strictly depends on rigorous patient selection criteria [16, 17] .
Except in these particular and restricted indications, the control of the infection requires removing the implants and all the pathologic tissues. Afterwards, the treatment strategy varies according to authors with three different procedures: no re-implantation, immediate placement of new implants or a two-stage surgery re-implantation [18, 19] .
ONE-STAGE REVISION (DIRECT EXCHANGE)
One-stage revision or direct exchange arthroplasty has obvious advantages in the management of infected THA. With one major procedure, the patient is exposed to lower, cumulative perioperative risk. There are also benefits both financially and in terms of resource allocation [11, 20] .
Some old studies regarding one-stage revision report mean infection-free rates of 80% (without antibiotic loaded cement) and 82% (with antibiotic loaded cement) [21] [22] [23] .
In 2000, Jackson and Schmalzried conducted a literature review to determine factors associated with a successful outcome. Twelve studies, including a total of 1.299 infected THA, were assessed. While antibiotic-impregnated cement was used in 99% of cases, there were wide variations in antibiotic choice, administration and duration. The average time of follow-up was 4.8 years.
Overall infection-free rate was 83% at final follow-up. Factors associated with success were: absence of wound complications after the initial THA, good general health, sensitive Staphylococcus or Streptococcus saprophyticus. and organism sensitive to the antibiotic in the cement. Factors associated with poor outcome were: poly-microbial infection, gram-negative organisms, especially pseudomonas and MRSA, and group D Streptococcus. The authors suggested that using cementless implants or bone graft may be a contraindication [24] .
Other recent studies reported infection-free rate of 83.3%-93.7% with either cementless [25] or combination of cemented-uncemented or hybrid fixation [26] in one stage revision. All authors emphasize that resection should be large and meticulous.
There are some concerns about the addition of antibiotics to cement as they reduce the mechanical properties if the total amount used is more than the 10% of the weight. Moreover not all antibiotics can be used because they have to be available in powder form, be water-soluble and be thermostable: the most commonly used are gentamicin, clindamycin, vancomycin, tobramycin, aztreonam, ampicillin and ofloxacin [27, 28] .
An interesting option is represented by allograft bone impregnated with high loads of antibiotics using special incubation techniques. This antibiotic-loaded compound has some advantages if compared with antibiotic loaded acrylic cement (ALAC): better storage capacities and better pharmacokinetics that provides a prolonged release with higher local concentration. Another theoretical advantage is the possible synergy in restoring the bone stock offered by the graft. This antibiotic loaded graft may be used in combination with uncemented implants for improved long term results and easy removal in case of a failure. Winkler et al. [29] reported 37 cases treated with this surgical option using cancellous particulated graft mixed with vancomycin, either with or without tobramycin, and demonstrated an eradication rate of 92% after a follow-up period of 4.4 years: five of the successfully treated patients were MRSA infection.
Consensus recommendations for one-stage exchange suggest that it should only be considered where there is minimal soft tissue damage and where less virulent organisms are involved. Ideally, the causative agent should be known, and treatment should be commenced preoperatively [18] .
In a recent prospective study Klouche et al. included 84 patients, all diagnosed of infected THA who had prosthesis replacement. A one-stage exchange was performed in 38 cases and a two-stage procedure in 46 cases. A two-stage procedure was decided in the case of important bone loss or unidentified germ. Postoperatively, patients received intravenous antibiotics (six weeks), then oral antibiotics (six weeks). The main evaluation criterion was the rate of infection eradication at 2 years minimal follow-up. If new infection was suspected, a hip aspiration was performed to determine whether it was non-eradication (same germ) or a new re-infection (other germ), which was not considered as a failure. The initial infection was cured in 83 out of 84 patients (98.8%), 38 (100%) for the one-stage group and 45 (97.8%) for the two-stage group. Eighty out of 84 (95.2%) patients were infection free, all patients (100%) of the onestage group and 42 patients (91.3%) of two-stage group. This interesting study demonstrated that, if precise selection criteria were respected, a high success rate in THA replacement for infection may be achieved with a one-stage procedure [19] .
TWO-STAGE REVISION
Two-stage revision has been reported to produce the best results, with an infection eradication rate higher than 90% [30] . The principles of two-stage revision are the removal of all prosthesic components, including cement, with radical debridement of infected tissue and bone. Local antibiotics, administered with the use of an antibiotic-loaded cement spacer, and systemic antibiotics are used in conjunction.
Reimplantation is conducted at 6 to 12 weeks and may be altered depending on multiple factors. Several questions remain, particularly around the timing and the duration of antibiotic administration, the appropriate use of articulating spacers and the timing of reimplantation [31] . Two-stage revision is often considered essential for more virulent infections, as those sustained by Pseudomonas saprophyticus.
The use of antibiotic-loaded cement spacers shaped to mimic a femoral prosthesis has spread widely, and various series with good results are reported [30] . The spacer has both a biological and a mechanical function. A welldesigned spacer releases locally effective dose of antibiotic, which complements the surgical debridement by preventing colonization of bacteria on the spacer surface and complements the systemic antibiotic therapy in eradicating the infection [32] . Furthermore, the spacer provides partial joint mobility and function, helps preserve bone stock, limits the formation of scar tissue, and maintains soft tissue length, thus making the secondary implantation procedure easier and faster [33] and improving the functional outcome [34] .
The main disadvantage is the requirement of an extra hospital admission and a further major surgical procedure, however, means that a two-stage revision may cost 70% more than a one-stage revision [35] . ALAC spacers are classified as static or articulating spacers. Static spacers consist of a block or beads of antibiotic-impregnated cement, left within the dead space after implant removal. Articulating spacers consist in anantibiotic cement prosthesis supported by a metal endoskeleton, and can also be divided into 3 groups: handmade (Fig. 1) , molded or preformed ones (Fig. 2) . Fig. (1) . Example of hand-made spacer. Fig. (2) . The Spacer-G/InterSpace.
There are some concerns about these different spacers in terms of incidence of mechanical complications as breakage or dislocation, and also unpredictable antibiotic release.
After hip spacer implantation other than reinfection or infection persistence Jung et al. [36] reported several complications. The study included 88 hand-made spacers in 82 patients. At a mean follow-up of 54 months (7-96), the overall complication rate was 58.5%. Spacer dislocation occurred in 17%, spacer breakage in 10.2% and femoral fractures in 13.6%. The dislocation rate after second stage reimplantation was 23%.
Cabrita et al. [37] presented 68 infected THA treated with two-stage revision. In this study he compared the use of a handmade vancomycin-loaded spacer in 38 patients with a control group of 30 patients where no spacer was used between the two stages. At an average follow-up of seven years (5-11.5 years) the infection-free rate was 66.7% in the control group and 89.1% in the group with the spacer. Six mechanical complications were described in the group of the spacers, such as dislocation, breakage and intrapelvic migration.
The PROSTALAC system (DePuy, Warsaw, IN, USA), developed by Duncan et al. [33] , is an example of the molded one. In the first trial with the PROSTALAC, Duncan et al. [33] reported three cases of dislocations among 15 patients. In a recent report of 118 hips treated with PROSTALAC, six dislocations occurred [38] , showing that experience acquired with this method may diminish such complication.
Spacers using a femoral component as the endoskeleton with a metal-on-polyethylene bearing offer several proposed advantages: they are superior at restoring offset and length; antibiotics can be tailored to the infecting organism and they may confer superior functional results and allow longer periods of use before exchange.
The potential drawback of these techniques is the introduction of the polyethylene liner and a metallic head in an infected site, in addition to the increased surgical time required for its preparation (60-90 min). Moreover, the polyethylene liner needs to be cemented to the acetabulum, thus making very easy increasing the acetabular bone loss at its removal.
A recent series of 28 patients treated with PROSTALAC insertion awaiting two-stage revision has been published by Scharfenberger et al. in 2007 . They have reported two patients that required repeated PROSTALAC insertion for infection persistence and two additional patients that had positive 48-hour cultures post-second stage, treated with additional intravenous antibiotics. Post-second-stage prosthesis retention was in all four patients for up to 4 years after second stage surgery. Patients who have retained the PROSTALAC implant as a semi-permanent implant are also clinically clear of infection. Their results shows resolution rates comparable with those reported in the literature, suggesting that the PROSTALAC is an excellent alternative to simple cement spacers for the treatment of periprosthetic infection. Furthermore these patients were compared to patients awaiting THA and those six months post THA. Western Ontario McMaster (WOMAC) score and Harris Hip Score (HHS) were significantly better than those awaiting THA but less than early primary THA. While the long-term durability of such systems remains to be seen, this type of spacer offers superior functional performance [39] .
Another data about the PROSTALAC system were reported by Masri et al. [40] who retrospectively reviewed 29 patients who underwent two-stage revision using cementless components for the second stage and PROSTALAC as a spacer: the infection-free rate was 89.7% at a minimum of two years follow-up.
Industrial production of an antibiotic-loaded PMMA spacer gives well-defined mechanical and pharmacological properties to the device. This ensures a reduction of mechanical failure and a standardized and known antibiotic release, compared with hand-made spacers. Moreover, it could reduce the surgical time. The disadvantage reported is that it is impossible to use the sensible drugs, because they are ready to use in the operating theatre.
They now offer a wide range of different head sizes in order to have a perfect couple with acetabulum, and different length of the stem. In a large case series, Romanò et al. [41] reported on 102 consecutive patients with infected THA treated by two-stage revision: 60 received a short-stem premade spacer (group S) and 42 a long-stem (group L). Systemic toxicity and spacer breakage were not observed. No difference was observed with regards to infection recurrence (one in group L, none in group S), spacer cranial dislocation (20% in group L, 14% in group S) and HHS improvement. The infection-free rate overall was 96.1% at a mean follow-up of four years.
In a retrospective review, Hsieh et al. [42] compared the use of antibiotic-loaded cement beads to a preformed spacer. The infection-free rate was 95.3% (122 of 128 patients) being similar in both groups. The use of an articulating spacer was associated with a higher HHS, a shorter hospital stay and better walking capacity in the interim period. Additionally, at revision the articulating spacer group demonstrated decreased operative time, less blood loss and a lower transfusion requirement. There were fewer postoperative dislocations.
OUR EXPERIENCE WITH TWO-STAGE REVISION USING AN INDUSTRIAL SPACER (SPACER G)
Between 1999 and 2010, 30 patients (17 men and 13 women) with infected THA were treated with two-stage implant revision using a preformed antibiotic spacer. At the time of surgery, the mean age of patients was 71.4 years (range 54-84 years). The initial diagnosis was osteoarthritis in 20 cases, hip dysplasia in four, femoral neck fracture in four, femoral head necrosis in one, and rheumatoid arthritis in one. Nine of these patients had undergone a previous hip revision surgery due to aseptic loosening, recurrent dislocation, or periprosthetic fracture. The diagnosis of infection was based on clinical presentation and haematological parameters ([ESR] 30 mm/h and [CRP] 10 mg/l), integrated with radiographic presentation (X-ray in two views, and bone scan with labelled leukocytes, Fig. 3a,  b) and the presence of a draining sinus even in absence of a microbiological test. A bone scan with labelled leukocytes indicated an infection in all cases.
A posterior-lateral approach was used for surgical exposure of the infected implants.
The therapeutic protocol included a first procedure with prosthetic components removal, accurate debridement of infected and devitalized tissues, removal of any cement residues, and implantation of a preformed antibiotic spacer, Spacer-G/InterSpace (Tecres, Sommacampagna, Verona, Italy - Fig. 4 ). This is a preformed spacer, with a central load-bearing cylindrical rod made of stainless steel and encased in gentamicin-impregnated acrylic cement (1.87 w/w in the polymerized resin, 3.2 w/w in the powder component) and available in three head sizes (46, 54, 60 mm) and two stem lengths (standard and long). At the time of explantation, multiple samples for culture were taken from joint fluid and granulation tissues at acetabular and femoral canal sites. After sampling, a wide spectrum intravenous antibiotic therapy was started until organism sensitivity tests were available, then the antibiotic therapy was tailored to the sensitivity of the bacterial strains. Infection was caused by Staphylococcus aureus (eight cases), Staphylococcus epidermidis (5 cases), Escherichia coli (2 cases), Streptococcus agalactiae (1 case), and Streptococcus mitis (1 case); infection was polymicrobial in five cases. In eight patients bacteria were not identified and infection diagnosis was based on the presence of a draining sinus. In cases of unidentified microbiological agent a wide spectrum antibiotic, effective on the most common bacterial strains in our nosocomial environment, was chosen.
The spacer was left in situ for an average time of 5.5 months (range 1-13 months). During this period patients were allowed to walk with partial weight bearing, active and passive exercise, and muscle training were also encouraged. The patients were evaluated monthly with radiographs, and every 15 days white cells count (WCC), ESR, and CRP were tested. Systemic antibiotics were given until the serological markers were normalized for 2 weeks consecutively. After an additional month, ESR and CRP were re-tested and, if normal, the second-stage surgical procedure was scheduled.
The second stage consisted of removal of the spacer and implantation of a definitive prosthesis. Intraoperative tissue samples from joint fluid, acetabulum, and femoral canal were also obtained during the procedure. Twenty-three hemispherical cups and six revision cups were used, while 11 primary stems (five uncemented and six cemented) and 18 revision stems were used on the femoral side (Fig. 5a, b) . One patient underwent a Girdlestone resection arthroplasty. After surgery, patients underwent a further cycle of antibiotic treatment (5 weeks, range 1-16 weeks) based on previous sensitivity tests. The patients' clinical records provided information on clinical evaluation before surgery (HHS, range of motion-ROM), duration of surgery, and period of hospitalization. At follow-up clinical (HHS, ROM), laboratory and radiographic data were recorded in order to evaluate and check pain control, infection eradication, functional outcomes, and eventual complications. Statistical analysis was performed using paired Student t-test (P<0.05).
The mean follow-up was of 72 months after the secondstage surgery (range 18-130 months), by evaluation of clinical and laboratory tests. Signs suggestive of deep infection were not observed in 29 out of 30 patients. The X-rays did not show any radiolucent lines, focal osteolysis, or component loosening. Recurrence of infection was observed in 1 female patient (Staphylococcus aureus) in which two draining sinuses were observed 20 days after spacer implantation. In this case, a Girdlestone resection arthroplasty was performed, because of her poor general health. The average hospital stay after the first stage was 13 days (range 7-28 days). Mean duration of first surgery was 138 min (range 60-180 min) with a mean blood loss of 1,750 ml (range 500-3,000 ml), while mean duration of second surgery was 127 min (range 55-210 min) with a mean blood loss of 1,690 ml (range 500-4.000 ml). In three cases, culture tests on samples taken during second stage were positive for infection but the identified microorganisms were not the same isolated during the first stage and were characterized by a low virulence and bacterial load; therefore they were considered contaminants.
Complications were observed in five patients: three spacer dislocations, one distal femoral fractures occurring during initial stem removal, and one femoral artery pseudoaneurysm, requiring stent placement.
Before treatment, the mean HHS was 43 (range 13-77); while before the second surgical procedure, the mean HHS was 51.4 (range 24-73). At final follow-up, the mean HHS was 82 (range . The difference between the initial and the final values was statistically significant according to Student t-test (P = 0.001). At final follow-up, no dislocation or loosening of the definitive implants was observed.
CONCLUSIONS
Based on the most recently systematic review there is no suggestion that one-or two-stage revision methods have different re-infection outcomes [4] . In spite of promising results it has been demonstrated that one-stage direct exchange protocols using cemented and cementless implants, remains suitable for patients respecting previous described criteria. Anyway, long-term results are needed to establish the true durability of this approach [31] .
The two-stage implant-exchange protocol remains the gold standard, considered as the most efficacious clinical approach for the treatment of periprosthetic infection, especially in patients with sinus tracts, swelling, extended abscess formation in depth and infection of MRSA, and other multidrug-resistant bacteria as reported in a recent consensus document [43] .
